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(57) Abstract: A semiconductor optical converter for use principally in an optical communication system or an optical information 
processing system. The semiconductor optical converter comprises an n-InP clad layer (12), an optical waveguide layer (13), an 
Sl-InP clad layer (14), and an n-InP clad layer (15) formed sequentially on an SMnP substrate (11), characterized in that a voltage 
is applied from an electrode (16) connected with the n-InP clad layer (15) and a ground electrode (17) connected with the n-InP clad 
layer (12). The semiconductor optical converter is especially applicable as a semiconductor phase modulator or a semiconductor 
Q Mach-Zehnder phase modulator operating at low voltages and having a low waveguide loss. 
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77^/mn<Dfrm<D®mz&-?TWiM&4k-?z> 0 m^m\z. &&&& 

fflX&s C.Rolland et al., lOGbit/s, 1. 56#m mul tiquantum wel 1 
InP/InGaAsP Mach-Zehnder optical modulator, Electron Lett., 1993 3^ W, 
2 9#, fg5^ p. 471-472 (C> *|*©7*;Ayx> 

nS!W##:Ji^«$Sn^SffO. 4Mm(Dy>K«-^li?#F (MQ 

w) ««*i»jfc-r*&8e>, «*»c«fc*a*f«»i*j«^TStt-5. b&a*o 

20 tt*ffi*B3EWaB©S$ 2 0-3 OmmC^bT, ilf 5£$CS!<«fWm 6 0 
0 Atmtt?)i^Tf-§), 
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are* d „ ±5firsjd+s»[ai©«ii#©iiiiiijft*#ife-r ^< m&&h\zm9t 

SftTV>S3ESWT?&9, fc£*.f£R.Spickermann et al., GaAs/AlGaAs 
5 electro-optic modulator with bandwidth > 40GHz> Electron Lett. . 1995 ^, 
I3 1t, Igl 1^ p. 915-916 (£CF, M2<hV^) ^fSm^nTV^o 

013 fc^TJ: 5 fc, ^^«#fPJP^«> SI (Semi-Insula 
t e : ^mmO -InP^7»;Hl7 1t, S I - I n P 2 9 v HS 7 1 Jtfc 

- mmznfrytmwim 7 2 uy^©si-inp^7yHi7 3t, ^ 

io >FtS7 4i, 'J <r^±I©v'3 y h*-ii7 5 td^i^^ns. SI 
- I n P 2 v FJf 7 1 t 7 3 \t, i (/ > F— >0 - I n P fc,fc DflHrife*. 

15 ©*sai*tp i n mmvmmi&fr \z&%ytt m^mmpf^ k «t mn 
20 (Dmm^(Dmmxm^rc^ 5 teXj&&mmT& z. 

i/n y h*-mm7 5 £^7>F«ffi7 4£0ffi«iGAPWU iPX±©f!liSfc 

&J17 2 0*#gftaP (HI 3 IZ&^T. $cBn?B?a*) «/.h£<ft:3o 
25 ftgf|«®jBft*®£MgMEt3U fiTt"*. 
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10 i^ra^ SI-InPSfi8 1±t, nIInAlAsT^7yH!8 
2 , *?#F*^tr3t#»[S 8 3, nllnAlAs ±M2 77HI84 (DM 

Sl4^Lfc^#MfHiH t£3#$c)I8 3©±T®^nI© InAl 
As :7^y FJ18 2, 8 lH8 5t8 6^UT, *OM^7^P 

is js 8 2 1 8 4 t<Dm\zmmmisa-£n2>&WL&iz~?z>o 

ms 3ttt8 5 tomms, xu^tm^ms z ts i - 1 npsts i l<d 

ffl&Z^y FJB8 2<DmZ tfc£<£3£fls£ii\ fflt#7t^*«fll#i:<Z)5Sflefi^' 
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7EzSi£Ji8 3 iLTBRAQWET JS (Barrier-Reservoir And Quantum-Well 
E le c t r o n-T r a n s f e r Jg ) <Sr m V > -f> Z. <h & M *i U T V > § . B RAQ WE T JB \Z ~D V > T \%, 
25 T. Y.Chang, et al. , Novel modulator structure permi tting synchronous 
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band filling of multiple quantum wells and extremely large phase shifts. 
Electron Device Meeting 1989, Technical Digest, InternationaK 3-6 Dec. 1989. , 
p. 737-740 COT, XffiXStt^S) lZWffl\zmW&nT^%> 0 
BRAQWET JBte, nl^iftl, MQW)feitl, p3!¥3»#Ji> nM^m^M 

5 &m%mmi£ititmmtt-rz>o mis ^ot isbii braqwet m<on> 
mz^wuavrcmm^n'enmTo mi sa^-t^hz. braqwet is ©a> 

d mq wytm^m \z.nr?#&xr z> z\t\z^ xz>>%& z.^n& 

jS^fcte^b&^o BRAQWETKl Hafc— )\s&frfcVf£ 

mmtztcmz. ni^tpi^tit ^mz^m^mmmm^w 

b»T, BRAQWET bfc*ffl«|^^»l«©f^«ltt, #*£B3t 

25 **WiSJBibTffiffl'r*citK:«koTKiS ; &iS5<bTViS. £©<fc5&=liji 
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5 (Jin-Wei Shi and Chi-Kuang Sun> Design and Analysis of Long 

Absorption-Length Traveling-Wave Photodetectors, Journal of Lightwave 
Thechnology, 2000 ^ 12 *18S, I12f, p'. 2176-2187, CUAT, XlK 

FJB9 2 ^#^)i9 3, ni^7y Hl9 4i^s I-GaAsSS91 

io ±te«ui*nfcfliJB*3a*^r*r«. ni^ 7 y hi 9 2 1 n 7 7 Hi 9 4 

iSjgirtGaAs (LTG-G a A s ) £JS^TV>§«, MffWmnUy * Ytf^Or— 
H9 0H nSAlGaAs^7^Hl9 4±}:ii9 6t, nlA 1 G a A 
s ^ 7 y HI 9 2 ±fc«S 9 5 *f ^.5. 
15 t^b^6> iUSKGaAsttT, MMGaAs (LTG-GaAs) 

l$S»:fc:«k£j££f6!ll&©&«> 1 0 G b i t / s EUi©I&ffr&tffljtrT?&£. 

25 &mmznm,Lfr¥mfo'?y/vy^>&myt^m^ *mfctiLmgmm*$<D* 
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-Tfcfc)^ fgl©0<J<hbT, 36«±fc0^, nMP^yFM (OTnlt^ 
15 -5) , ^I^7 7HI IJBtV^) , ¥SMI81 (£TF, % 

mmmt^o) , sis, ni^isnsi^^s. H2<z)#ii£bT, s 

$t±fCjli#, nE SIS, ft#$tS, S IJl«$ni>i^§ 0 $3 
©WiLT, 3S«±fcJH^ SIS, >frS$ES, SIP, nMtl^nsi 

20 £§5(D0iJ<>:bT, &ffi.±\ZM%., n®, ft^iSEJl, SII^ 

IS, nS^S£ti£«^&&, B7£>#|£LT, S«±ICM^, nS, 

sis, ytmw.m. ni^isn^i^s. 
25 7 y HJit3WJi*nfcji«56s*-r*¥i»#3tt*w»fc*viT, ^mmtz 
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&&&& o 

mmxm^m^mmm tnm^^y prntKomiz^mmmz^y ^m^m 
tz>z.h\z£<o, ¥mfaytmmm<D±mRz$Tm<Dm^znmMtm&VT>b, 
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\z c Rmfemzmm.-gnz> z.tu<, ioGbi t / s &,±<DHsmWLWin:h 

A-r^it^SS«lig^ ¥J»#}ft*ifcJg©T:& (»tE«K:fii*^^fil) <z>® 
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±Mwm*M$k-? z>m 6 (Dmmte. i 5 (D^-rnfrvrnwizmz 

%£%:<dv i n#t5t<z)^g«« % mmz£z>m$fmmm&m$}mxmm-? &z 
15 ^pM«s<D##jft^, yttm^(Dmm.^&^z^^>mn^mmmmm(Dmm 
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25 5?*jg) ©«Bft»f®0-C*5. 
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HI 5 te, fg2 ©^»IRlC«SVyAiyx>^^«il«©iEBW1«BIT* 
El 6 te, i2 OiWCi§'7>yAyx>«W©fffiII^iI 

15 Siift»a^rt£&3KUfcBIT*5. 

0 9 Ate, ^2 ©^^fc^^^^/\^x>^M^P^O/NS^^# 

20 ia9Bte, m2<Dmm^m\zm^yj\y^>^myt^m^(D4 0Gh i t 

H9Ctt, S2©^Jg^^STyA^/x>^M^iiS§0D4 0 Gb i t 
/ s x 7 — U— b ^ b tc KIT & 3 „ 
010 Ate, fg 2 ©i!M^ti^§ii^Mm^##vyA!yx>y§i^ 

25 m&<Dmm&&&ft<D*vmfe&&*7sk\sfrm'v&2>o 
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10 ^OT«fc«*«#Wia«^©»»K©«IB&»r®BI'r»S. 

015 Ate/«JE&W#nbT^fo^tfc^<Z) BRAQWET JB©A> HflKft&wfH 

01 5 Bfttffi^MLfetlO BRAQWET «©/t> F#}jgS^rBl r e»S. 
Ell 6fcJu Mtl0±T^nI^77 HMT^/u/S:«jfi^WrSilfT^M 
15 «S:7* h^-f ^-H©«IB&»fMBn?feS. 

<m i <Dm®Mm> 

Hltt, SI 1 ©SHlfi^lBfc«S I n P3R#S*?#F¥»#3«lli*©»tft 

#^B^I8fc«S¥£#7E2ePI»rau S I - I n P»i U±(cn-InP 
^79^112, ytmWLM 13, SI-InP^7s/F114, n - I n P ^ 

25 mi }£#?2£JI 130T temMmtirz 



WO 2004/081638 




'CT7JP2004/003181 



13 



teu 1 3 ©TltfeS n - I n P ^ 7 y Kl 1 2 ) *tX7?>^$ 

m i izxk-gntc^m&yt&mmte. n - 1 n p 9 y fji 1 5 ©jim^m 

16^ n-InP^77Fll 2 (D±miztf? > ^MMl 7^fAT(/^ 0 « 

m (cpw) ^3t^ffi$n^ 0 

mTz>zL£*>m%~e$>& 0 m2\±, vyz?m®.$&mi£2 o^mm^mmmz 
10 &vz>n$?*muffift<DmmMm&7jk'To m2iz7jkvrc.Mm.ms, si-inp 

3M&2 l±Kln— I nP^7y Ffli 2 2> 7fc#$:Ji 2 3, S I - I nP^77 
HI2 4, n- I nP^7^ FJP2 5^JlH&«Jl£tU M$12 3 0±IT 
^§SI-InP^77 Fl2 4$Tl75 1 >^nT^5, 
El 2 fc^nfc^^^gm, n-InP^7yHl2 5 £>_b®te:«i|i 
15 2 6§f^. ^>Fm»3u 3fef ft!(DTlTfe§ n - I n P ^ 7 7 HI 

ic^$ii:^^^^ 0 m2\z^nrcv y^mm^mm\s, si-inp 

^ ^ y FH 2 4 tf>ig®#> 6n-InP^7yHl22 tTOf^i^ n - I 

np^77Hi2 2tmm^ti^^^iz^f^>^mm2 7^mm^nx^^> 0 

^5>F«@2 7in-InP^7y FJ12 2i^f§$^^ /f^> 
20 Htttt 2 7 £t£#$:J! 2 3 tKDfemz & K) , HffiPPint^iZ^^^^/l 2 3 

2 3te/>F— :/JlT&&£:S&, ^>F*S2 7 in- I nP^y FH2 

25 fetA.^gntc^$tife¥^#:7^«§§©®-a-, ibf^i^fctt, mmi6ttf 
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7 > vmm i 7 1 (Dmzm&^wia-r^ z. tiz& x> , i 3 k:« 

(HlfcSSWr, ^^PTia^) * 1 ©SaiS^jBT?^ n-In 

P^7yHll 5 n -I nP^5y HIl 2tt, #mt££WU Mfiit 

iwia©^fij^fe^fc-ro ^tti 1 3 ^t^iioFiitt mm 

z<Dfr#>. mi<Dmffi.MM<D¥mfcyt$£mmz. mmm (@i3#i) tit 

mz, mmmtenmmm&vvtrz* ytmm& i3tsi-inp^^yH 
10 114 1 ©ajs, s i-inp^75/FH4 (Dmrn^z-o^xmrn-f^o 

1116 SlXS^^ > 1 7 ^bT> n-InP^7yFI15tn- 
InP^7yHI12 i©^{cfpjppjfg75:«ffi{i«, 2 o©nI¥i#:l©^ 
fctfctSftifcS I - I nP^y FJfl 4<Z>l»JBEfc«fcDft£$n£. H3H S 

15 EI3fc^-rJ:5iC, WJEfct, S I - I nP^^y F«l 4©JBJ?d*0. 5m 
m©<h#^± 2. 5 V, J1J51. OMm0<!:fl:±7. 0 V, J1JP2. 0 /xm 
0tft±2 5VT^. 

(ii3#i) tttmvTnmmtenmmm (n-inp^^yKiistn 

20 -InP^7>yHI12 t©WK) V>fc8&» #«&telr>E];&p*jBET?iftgft 

fl^S&«JBE (2 8ViS) §l$Jn*r<5i&KJ&*&ofco & 1 ©^JfiJ£|g©¥## 

25 ytmmmt, mnmti.nmmm&frt£<u mm,yt¥$bm<D$j}m&ft±zi£2> 
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So 

% i <Dmmmm<Dmm&ytmmm\z&w%>y£mfcm i 3 tmm i 6 t-e©si 

1 3 £111® 1 6 £-e(Z)ggilte> 1 iimKlCn^t^Ill^ 
TfeSi&Jf 1 3^6tfil 6£T©8gitte, n-InP^7yHI15tSI 

10 4<£>jfff£/jN£< tmTSoTfe> n- I nP^77 FJ1 1 5 <Z>gJS£:»pj 
15 AX.Z$m Ml OSllWlllC^ I n p m^a*^#F^s#:^ 

F^-fT^A£, EJ4Bte, ftJ££ranbfcTO©A> 7^ ASt* 
To ®4A^ctrXEI4Bte, IM^Mrf^ S I - I nPg^fcJlg^JiL 
fcn-InP^7yHI12t, 7£#$tJi 1 3 SI-InP^vFJBl 
20 4 t, n-I nP^^^FJll 5t^&^^^^/S-r^^©n>F^5t 

%7jkto. m 4 4 b \z % ytmmm 1 3 a*> f^y y 137 

0 nm©7 >F-^#M*^#Fil (MQW) 13 at, ^-©±Tfc@B$nfe 
A'>F^t'^iSl 3 0 0 nm©/>F-yi nGaAs P^Dji^H 1 
3 b £^£&^:®<£<Z)A*> F^it^To 
25 S I-InP^7yHI14 <D/t> F^3ate> F-^tlfcFeM^W^ 
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7fc#$tJil 3 till 6 t(Dm%S I-InP^7»; KJS©*£bTfe,fcV>. 
£7c, 2M89i©& 1 ©^M^<D^S#:^ilg§«; 7fc#i£Ji 1 3 1 6 

<h©|!B<£ n -InP^77HItU n-InP^7^H112 <Dftt> t) S 
I-InP^^^KItLTfeiK Hfc, 1 ©^t1^©¥##: 

10 ^MS», Mill 3 <h«Sl 6 i£>Ha£n- I nP*9y HltU n 
-InP^yFJil2 <Z)ft:b DCS I - I nP^7y HI<hn- I nPi? 

7y vmtommmm. (ytm&mi 3©jtr&s i - 1 n p^7 Fstt-s) 
is mi (Dmmmmomm^vTcf)^ m 2 t^tu y 5?mm9&mm&G*Tz>¥mfa 

20 A?Jft£— #-T& 2X2 #^E— Hf« (MM I ) *7^768 ai:, 

M6 9a, 69bt, 2 X 2 #^E- Hf #1* 7 

768bi, &4B£ifiI&&% 6 9a, 69b IzmR&mwt %>\m 66R 
^7>Htl6 7t^§„ £ ilt, tffiWW6 9 a, 6 9 b©* 

25 $l mn$mw$o te3mmT&&„ 
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myt^mmt. SI-In P*«6 l ©±fcfli^Ji£tlfc, n-InP^y 
6 2 M QW&^ CO ±Tffi &C@S £ fife I nG a A s P^STO^iS^ 
5 6^ItI6 3t, S I-InP^77 FJf 6 4 <h, n-IriP^yF 
165i:, ^^^i5-±fPfc-fs-^«@ 6 6 *D-fgffl (n - I nP 

MQWOMilttl 3 7 0 nmTfeD, ff^CO 1 5 5 0 nm^&+^| 
tlfe^ST^^, m$i$&<D*y-mfe2. 0 um, ^+hi^$^3. 0#m, SI 
10 -InP^77h*l6 4©l»il. OiimT^S. 

^£^U HI7Bte, HI7 AC0«J3E0 V^±C0^^*3^^m«§it^^ 
^T^To M7 A&J;^EI7Bte, fffiW$H§6 9a, 6 9 bfimtinffi 

15 ©#s£4>&^± 1 5 vmm<Dw.f£m&*#VT^z>z\t, ^^zsytm^me 

SJP 1 . 0/imOSI-InP^7yHl64H MtlSijft 2 0 0 m A&Tf 

<D&ntt#T>z'*)vmm^&&VTK&ztimm'Zti*o s i - 

InP^7yH16 40Fe H— f§ 1 ©HM^C&ttS S I - I n 
20 P^77HI14 OFe \*—zfm\zik'<Tgr<'T2>z.£\z&~D 

EUi«fc0» SI-InP^77 \*m&'#7'>i'*r)WV)T £Vxm^Z>Z\t 

mmnmvmnfc&nws u t ^ £ t ^t^- ^ . braqwet $ 

25 jfifck »«JE#*± 2 VSST?*5©fcWUT, S I-InP^77 HI§#t 
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BRAQTOT Htjtte, MQW^Ol^oaAi^D, !RiR««:©a^fc*-5V^*JB»f 
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